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Chicken anemia virus (CAV) from non-attenuated and attenuated isolates were 
characterized based on sequence and phylogenetic ana lysis. The CAV BL-5 
isolate, isolated from UPM was propagated and attenuated i n  MSB-1 cells until 
passage 90. The whole genome of non-attenuated isolate, BL-5P5 and 
attenuated isolate, BL-5P90 were ampl ified , cloned and subjected for 
sequencing. The sequences were analyzed and compared with other 25 isolates 
from local and foreign countries. Sequence analysis of VP1 ,  VP2 and VP3 coding 
regions revealed that most of the variations were at the VP1 region . Sequence 
analysis of VP1 revealed that the BL-5P5 isolate was closely related to BL-5P90, 
CAF475 (China), AF31 3 (USA), C 1 40 and A2 (Japan) and 3- 1 /P60 (Malaysia)  
isolates between 98% to 99% homology and distantly related to CAU269/7 
(Australia) and SMSC-1 (Malaysia) isolates with 95% homology. However, 
ana lysis based on amino acid sequence indicated that the BL-5P5 isolate was 
closely related (98% to 99%) to a l l  the above isolates, including the CAU269/7 
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isolate. It was found that the CAU269/7 has a very unusual low 
nonsynonymous/synonymous (NS/S) ratio of 0. 1 88 when compared to the BL-
5P5. Simi larly, phylogenetic ana lysis based on the VP 1 nucleotide sequences 
revealed that the BL-5P5 was closely related to BL-5P90, CAF475 (China) and 
AF31 3 (USA) and d istantly related to CAU269/7 (Austral ia) and SMSC-1  
(Malaysia) isolates . Analysis based on amino acid sequences revealed that the 
BL-5P5 was closely related to BL-5P90, CAU269/7 (Austral ia), Cf.F475 (China) 
and AF3 1 3  (USA) and d istantly related to ConnB (USA), SMSC-1 (Malaysia) and 
P3 1 02A9-resist isolates. The BL-5P90 showed only 1 5  nucleotide d ifferences 
compared to BL-5P5 isolates . However, these differences associated with 1 1  
amino acid changes which were found main ly in  the hypervariable reg ion of VP1 . 
Thus, the NS/S ratio (2.75) is significantly h igher than the SINS ratio (0 .36). The 
BL-5P90 isolate has an amino acid substitution at position 1 44 from g lutamic acid 
(E) to lysine (K) in VP 1 hypervariable region . This amino acid substitution might 
play an importa nt role in vira l  atten uation.  The CAV VP3 gene from non­
attenuated BL-5P5 isolate was expressed as a fusion protein in prokaryotic 
system . The SOS-PAGE and Western blot ana lysis indicated that the expressed 
VP3 protein of a pproximately 18 kOa was observed from the cel l lysate sample 
after 4 hours post induction with isopropyl-I3-0-thiogalactosidase ( I PTG).  
However, the protein was expressed in inso luble form and was relatively non­
immunogenic since hyperimmune serum against the expressed protein showed 
non-specific reactions fol lowing Western blot and ind irect immunofluorescence 
antibody test ( I FAT) assay. Thus, the expressed VP3 protein in the present form 
IV 
is not suitable for use as antigen in production of antibody for the development of 
VP3 protein as d iagnostic marker. Further stud ies on the appl ication of the VP3 
as diagnostic protein of CAV remains to be confirmed . 
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Virus anemia ayam (CAV) daripada isolat tidak diakenuat dan diakenuat telah 
dicirikan berdasarkan kepada analisis jujukan dan filogenetik. CAY isolat BL-5, 
yang dipencilkan dari UPM telah dib iakkan dan diakenuat dalam sel MSB-1 
sehingga turutan 90. Keseluruhan genom bagi isolat tidak diakenuat, BL-5P5 dan 
strain diakenuat, BL-5P90 telah diamplifikasi, diklon dan didedahkan kepada 
penjujukan. Jujukan-jujukan dianalisis dan diband ingkan dengan 25 isolat 
tempatan dan luar negara. Analisis jujukan bagi bahagian berkod VP1, VP2 dan 
VP3 menunjukkan bahawa kebanyakan variasi adalah pada kawasan VP1. 
Analisis jujukan bagi VP1 menunjukkan bahawa isolat BL-5P5 berhubung rapat 
dengan isolat BL-5P90, CAF475 (China), AF313 (USA), C140 dan A2 (Jepun) 
dan 3-1/P60 (Malaysia) di antara 98% hingga 99% persamaan dan berhubung 
jauh dengan isolat CAU269/7 (Australia) dan SMSC-1 (Malaysia) dengan 95% 
persamaan. Walau bagaimanapun, analisis berdasarkan jujukan asid amino 
menunjukkan bahawa isolat BL-5P5 berhubung rapat (98% hingga 99%) dengan 
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kesemua isolat di atas, termasuk isolat CAU269/7. Didapati bahawa isolat 
CAU269/7 mempunyai nisbah tak sinonim/sinonim (NS/S) rendah yang luar 
biasa iaitu 0.188 apabi la diband ingkan dengan BL-5P5. Analisis filogenetik 
berdasarkan kepada jujukan nukleotid VP1 menunjukkan bahawa BL-5P5 
berhubung rapat dengan isolat BL-5P90, CAF475 (China) dan AF313 (USA) dan 
berhubung jauh dengan isolat CAU269/7 (Austral ia) dan SMSC-1 (Malaysia). 
Anal isis berdasarkan jujukan asid amino menunjukkan bahawa BL-5P5 
berhubung rapat dengan BL-5P90, CAU269/7 (Australia) dan AF313 (USA) dan 
berhubung jauh dengan isolat SMSC-1 (Malaysia) dan ConnB (USA). BL-5P90 
menunjukkan hanya 15 perbezaan nukleotid berband ing dengan isolat BL-5P5. 
Walau bagaimanapun, perbezaan ini berhubung kait dengan perubahan 11 asid 
amino yang mana d ijumpai terutama dalam bahagian hiperbolehubah VP1. 
Maka, nisbah NS/S (2.75) adalah secara signifikan lebih tinggi daripada nisbah 
SINS (0.36). Isolat BL-5P90 mempunyai satu perubahan asid amino pada 
kedud ukan 144 daripada asid glutamik (E) kepada laisin (K) dalam bahagian 
hiperbolehubah VP1. Penggantian asid amino ini berkemungkinan memainkan 
peranan yang penting dalam pengakenuatan vi rus. Gen VP3 CAY daripada isolat 
BL-5 tidak diakenuat telah diekspreskan sebagai protein gabungan dalam sistem 
prokariotik. SOS-PAGE dan analisis sap Western menunjukkan bahawa protein 
VP3 yang d iekspres kira-kira 18 kOa telah d ikenalpasti daripada sam pel sel 
selepas 4 jam di induksi dengan IPTG. Walau bagaimanapun, protein tersebut 
telah diekspres dalam bentuk tak terlarut dan secara relatif tidak imunogenik 
memandangkan serum hiperimun terhadap protein yang diekspres menunjukkan 
Vll 
tindak balas tak spesifik selepas ujian sap Western dan IFAT. Oleh yang 
demikian, VP3 yang d iekspres dalam bentuk i n i  adalah tidak sesuai d igunakan 
sebagai antigen dalam penghasi lan antibodi bagi pembangunan protein VP3 
sebagai penanda diagnostik. Kajian lanjut terhadap apl ikasi VP3 sebagai protein 
d iag nostik bagi CAY masih perlu d ipastikan . 
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GEN ERAL INTRODUCTION 
Chicken anemia virus (CAV) has recently been classified in  a newly 
recognized animal virus fami ly, the Circoviridae (Lukert et al., 1 995). CAV was 
first isolated in Japan by Yuasa et al. ( 1 979). It has been isolated in many 
countries and is  considered to have worldwide distributionl- not only in 
commercial domestic fowl but a lso in specific pathogen free (SPF) chickens (0' 
Rourke et al., 1 994) .  Two other members of the virus fami ly Circoviridae are 
porcine circovirus (PCV) (Tisher et al., 1 982) and psittacine beak and feather 
d isease virus (PBFDV) (Ritchie et al., 1 989). Although these viruses are grouped 
together on the basis of a common genome form, no s imi larities in amino acid 
composition, open read ing frame (ORF) arrangement, or transcriptional 
machinery have been identified (Noteborn and Koch , 1 995) .  
The virus is smal l ,  non-enveloped , spherica l ,  18  to 23 nm in  diameter, 
containing a circular single-stranded DNA genome of 2.3 kb (Gelderblom et a/., 
1 989; Todd et al. , 1 990; McNulty et a/., 1 99 1 ;  Noteborn et a/., 1991). The CAV 
genome has three partia l ly overlapping m ajor open reading frames coding for 
proteins of 52 (VP 1 ), 24 (VP2) and 1 4  (VP3) kDa (Claessens et al., 1 99 1 ;  
Meehan et al., 1 992; Noteborn et al., 1 991 ) .  VP 1 i s  the capsid protein that p lays 
important role i n  v irus spread and cel l  tropism (Renshaw et al., 1 996) . The 
function of VP2 is not known , whereas VP3 (1 4 kDa) is involves with the 
induction of apoptosis and responsible for the pathogenicity of CAV (Noteborn et 
al., 1991). 
CAV can be transmitted vertically, horizontal ly and by injection of 
contaminated vacci nes (Pope, 1991). The virus causes cl in ical and subcl in ical 
d isease in chickens and is recognized as an important avian pathogen worldwide 
(McNulty, 1991; Mcilroy ef al., 1992). Vertical transmission of th� virus through 
egg from infected breeder flocks can result in i ncreased mortal i ty i n  10 to 14 days 
old chicks associated with anemia, hemorrhages and lymphoid depletion 
(McNulty, 1991). Subcl in ical disease in com mercial broi ler ch icks resu lting from 
infection with horizontal ly acquired virus can adversely affects g rowth and 
profitabi l ity (McNulty et al., 1991). 
The virus repl icates i n  lymphoid cells  and is  cytopath ic (Yuasa and Imai ,  
1986; Noteborn and Koch , 1995). CAV causes severe anemia due to destruction 
of erythroblastoid cel ls i n  the bone marrow, immunodeficiency due to depletion of 
certain  lymphoid cel ls and hemorrhages of subcutaneous and intramuscular i n  
young chickens (Yuasa et a/., 1986 and Von Bulow, 1991). Lymphocyte depletion 
results i n  immunosuppression and increased susceptibi l i ty to various viral and 
bacterial pathogens (Von Bulow, 1991). Older ch ickens are susceptible to virus 
repl ication but do not develop cl in ical s igns (Jeurissen et a/., 1989; McNulty, 
1991). Currently, the d iagnosis of the disease was through serology, polymerase 
chain  reaction (peR) and isolation of the virus in MSB1  cel ls (Yuasa et a/., 1990). 
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